ABSTRACT: According to the Intergovernmental Panel on Climate Change, global warming is expected with temperature rise and changes in the rainfall in tropical regions, including soil warming, which may lead losses to perennial plants. This phenomenon causes researchers to search through science alternatives in order to minimize these impacts. The objective in this research was to evaluate the cultivation of different plants in a intercropping for the coffee tree shading and its influence on the seedlings establishment, development, coffee growth and the maintenance of lower soil temperatures. The experiment was carried out at the Santa Felicidade Site, Campestre -municipality -South of MG , located at 21 ° 43' 12 "South and 46 ° 14' 46" West at an altitude of 1.106 meters. The cultivar used was the Catuai IAC 144, was intercropped with the following species: maize (Zea mays L.), guandu (Cajanus cajan L.), crotalaria (Crotalaria spectabilis L.), mucuna (Stizolobium aterrimun) and control without any intercrop, totaling five treatments. The plants sowing for shading was performed using a manual planter and the planting was done in 4 plots per treatment, totaling 20 experimental units in a randomized block design with 14 coffee plants per plot. The 10 central plants were analyzed. At the end of the experiment, the following characteristics were evaluated: seedlings establishment, growth in height, average length of plagiotropic branches, number of internodes in plagiotropic branches, coffee canopy and soil temperature. The data were statistically interpreted by means of variance analysis. The means were grouped by the Scott Knott test at 5% probability using the statistical software SISVAR®. According to the results obtained the shading plants in intercropped with the coffee tree managed in the post-planting and first-year phases contributed to a better coffee tree development, observed mainly in the treatments using the Crotalaria and Guandu species.
INTRODUCTION
According to the Intergovernmental Panel on Climate Change (IPCC) (2013), in several reports released about global warming forecast have been highlighting the rise in temperature on the planet and serious changes in the rainfall regime, especially in the tropical regions (PENEREIRO and MESCHIATTI, 2018) . According to Miranda (2016) for coffee cultivation, the effects of these climatic changes besides promoting a reduction of crop areas can also lead to large production losses in the harvests of this product. Data from the United Nations Organization -ONU on climate change state that: combining high temperatures and water deficit, the consequence will be a considerable reduction in grain cultivation in the main producing states in Brazil, such as Minas Gerais and São Paulo. Therefore, maintaining soil water availability is a major challenge considering are a large number of family-owned also cultivate annual species in a intercropped as an income source, generally cultivated with low planting density, providing better soil use during coffee crop formation (PAULO et al., 2004) The cultivation of coffee with forest planting is a traditional technique in several countries of the world and has been arisen countless studies as an option to minimize the effects of climate change and promote the sustainability of coffee cultivation (GUIMARÃES et al , 2015) .
In Central America, this practice promotes benefits to the plant-climate-soil system, contributing to the formation of vigorous plants protected against frost and high temperatures, improving soil physical structure by increasing organic matter (MORAIS et al., 2007) .
The coffee crop implantation is one of the sustainability pillars, since in the cultivation of perennial crops it is difficult to correct errors occurred in its establishment. Planting is a set of detailed actions that are fundamental to the activity success and the imperfections will reflect throughout its productive cycle generating direct impacts on its profitability (MESQUITA et al., 2016) .
Therefore, due to the sustainable promotion importance of the coffee crop, the current concern with the predictions of negative climate changes to the activity development and the search for alternatives that minimize these climatic impacts, the realization of this research project aimed to evaluate the cultivation of different plants in intercropped for shading of the coffee tree and its influence on the seedlings establishment, development, coffee growth and the maintenance of lower soil temperatures.
MATERIAL AND METHODS
The experiment was carried out in the Santa Felicidade Site, located in the municipality of Campestre -South of MG, located at 21 ° 43' 12 "South and 46 ° 14' 46" West and 1106 meters and with hot and temperate climates. The summer with higher rainfall index than the winter has been classified as Cwb according to Köppen and Geiger. The average annual temperature is 18.9 °C. The average annual rainfall is 1609 mm according to Clima-Date.Orgwebsite. The cultivar of coffee implanted was Catuai IAC 144, seedlings with 4 pairs of leaves, planted on 12/10/2016 and intercropped with the following plants: corn (Zea seasonal rainfall and evapotranspiration loss according to (FAVARIN et al., 2013) .
Coffee (Coffea arabica L.) originated in the African continent, Ethiopia, formerly Abyssinia (SANTOS, LIMA and CARVALHO, 2016) , normally developing under tropical sub-forest conditions under the shade of native tree species of the region. In this way, it is verified that coffee is adapted to shaded environments, according to Paiva, Guimarães and Souza, (2003) , which can be explained due to the fact that it has a metabolic pathway of type C3. Baliza et al. (2014) state that in Central America the cultivation of coffee plantations in agroforestry systems is a common practice and is widely used by native coffee growers in order to maintain a microclimate more favorable to the crop and somewhat similar to the regions of the coffee tree origin.
In Brazil, coffee cultivation occurs predominantly under sun light, since the most cultivated species such as Coffea arabica and C. canephora have adapted in a very practical way to this management type, but the use of techniques that promote the shading of the coffee plantations has been reported and adopted by several coffee growers (MORAIS et al, 2009) .
Coffee cultivation in agroforestry systems has been a sustainable production option developed by family farms, providing benefits related to better adaptation to high temperature conditions and low rainfall availability (VIEIRA et al., 2015) .
The use of shading practice to coffee tree presents changes in the microclimate promoting physiological and anatomical changes in the plant according to Morais, (2003) , minimizing the effects of high temperatures and water deficit, minimizing the biennial production and positively reflecting the harvests stability (RENA & MAESTRI, 1985; VAAST et al., 2005) .
This alternative is a technical option for mitigation in a possible scenario of global warming and its effects (FAZUOLI et al., 2007) . Rodrigues et al. (2015) , point out that shading with tree species to cover the soil can reduce the limitations imposed by climate change, aiming at better soil and plant water storage. Pereira (2004) states that research has already shown some plant species as promising to green manure in a intercropped with coffee such as: Crotalaria (Crotalaria juncea L.), pigeon pea (Cajanus cajan L.) and black mucuna (Stilozobium aterrimum L), considering that there mays L.), guandu (Cajanus cajan L.), crotalaria (Crotalaria spectabilis L.), mucuna (Stizolobium aterrimun) and control without any intercalary species, totaling 5 treatments. All the intercropped plants were cultivated within 50 cm of the coffee line, aiming to provide shading on the coffee seedlings.
The sowing of the shading plants was carried out 45 days before the coffee plantation on 10/25/2016, with a manual planter popularly known as hand planter. The spacing between the lines of crotalaria, guandu and mucuna were at 20 cm and the corn at 50 cm.
Planting was carried out in 4 plots per treatment, in a randomized block system -DBC with 14 coffee plants per plot, being used to evaluate the 10 central plants.
The shading plants were kept in the first year until September/2017, being sown again in December/2017 and managed until September/2018. The shading plants were kept in the first year for 9 months, being sown again in December and maintained for another 9 months.
The same cultural dealings were used for all treatments, with base fertilization using P 2 O 5 source and well-tanned bovine manure, 3 N and K weed control fertilizers, with the use of preemergent herbicide Oxyfluorfen and 2 sprays with mineral salts and systemic fungicide.
After 22 months, the following characteristics were evaluated: seedlings glue (%), plant height (cm), average length of plagiotropic branches at 50 cm of soil (cm), number of internodes in plagiotropic branches, coffee canopy area at 50 cm soil level (cm 2 ) and soil temperature (°C), which was measured every 13:00 hours weekly, using an infrared thermometer. The data were interpreted statistically by means of variance analysis and the grouping means was carried out by the Scott Knott test at 5% of probability using the statistical software SISVAR ® (FERREIRA, 2014).
RESULTS AND DISCUSSION
After data analysis, it was verified that there was no statistical difference between the treatments for the coffee seedlings establishment parameter. Regarding the plants height, a positive effect of the treatments containing the plants establishment for shading was observed, according to the data presented in Figure 1 .
The treatments that used crotalaria and guandu were the ones that presented higher height, on average 35% higher than the control treatment (without shading plants). These results corroborate studies carried out by Paiva, Guimarães and Souza (2003) , wherein researching the influence of different shading levels by shading screen on the seedlings coffee growth verified a variation coefficient at 9.03% in the various treatments applied.
The use of shading plants also influenced the average length of plagiotropic branches and the coffee canopy area, both measured at 50 cm from the soil, when compared to the control treatment, as can be observed in Table 1 .
Regarding the average length of plagiotropic branches, the treatment containing crotalaria at 50 cm from the soil there was a statistically significant difference with an increase of 42% when compared to the control treatment plot and obtaining a lower result when planting intercalary corn.
Regarding to the coffee canopy area development, the treatment with crotalaria presented increments of approximately 100% when compared to the control treatment. Pezzopane et al. (2010) , conducting research between intercropped of Macadâmia tetraphylla L. and coffee concluded that this interaction between cultures promoted in the shading influences in the local microclimate, leading to a lower coffee tree exposure to the solar radiation, thereby reducing the active photosynthetic region of the coffee tree. Not finding relevance for changes in the growth and development of coffee trees, researches with different results from those found in the present study.
In Table 2 we can observe the results obtained for the shading influence on the number of internodes of the plagiotropic branches measured at 50cm from the soil.
According to data presented in Table 2 , it was verified that there was a positive variation in relation to the internodes growth of the plagiotropic branches, with the plants in intercropping of shading in relation to the control. It was possible to observe the treatment that presented a greater number of internodes of the plagiotropic branches to 50cm of the soil was when the use of Crotalaria as plant for the shading.
The results obtained for the Crotalaria species in relation to the number of plagiotropic branches do not corroborate with the results of researches found by Morais et al. (2003) when the morphological evaluation of the coffee tree shows provided by banana plants did not contribute to the enlargement of the internodes located in the young plagiotropic branches, probably due the planting density, because shading causes changes in the microclimate may cause changes in the coffee tree anatomy. .7 B *Averages followed by the same letters in the column belong to the same cluster by the Scott Knott test at 5% probability.
The same authors in 2004 also confirmed changes in plant physiology. In 2008, they stated "these impacts depend on the type, density, duration and time of shading, as well as the current climatic conditions and local climate, tested genotype, plant age, among other factors" (MORAIS et al., 2008) . For positive results achieved in the present research, it is possible to verify the relation existing as a size function of the cultivated plants between the streets of the crop in formation. Table 3 presents the results obtained for the characteristic average temperature of the soil when using shading for growing coffee trees.
According to the results shown in Table 3 the important contribution that is the use of cover crops in a intercropping with the coffee tree in relation to the maintenance of a mild temperature in the soil is observed. According to Ragassi et al (2013) , soil temperature at 33 °C promotes the death of part of the roots that absorb water and nutrients. He also mentions that "the radicels meristem are responsible for the hormones synthesis that control both the coffee tree and the stomata regulatory system development that does not allow the excessive loss of water in the breathing process".
Therefore, this work demonstrated that even in the treatment with Mucuna that presented the higher soil temperature when compared to the other treatments did not allow the soil temperature reach the temperature 33 °C; while the control treatment reached 42.3 °C which probably damage the root system development, thus negatively reflecting the development of coffee trees in formation.
CONCLUSIONS
It was concluded that the use of shading plants in a intercropping with the coffee tree managed in the post-planting and first-year phases contributed to a better coffee development, observed mainly in the treatments with Crotalaria and Guandu.
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